Role of Heat Shock Factor 1 in Conserving Cholesterol Transportation in Leydig Cell Steroidogenesis via Steroidogenic Acute Regulatory Protein.
Testicular testosterone synthesis begins with cholesterol transport into mitochondria via steroidogenic acute regulatory (StAR) protein in Leydig cells. Acute heat stress is known to obstruct testicular steroidogenesis by transcriptional repression of StAR. In contrast, chronic heat stress such as cryptorchidism or varicocele generally does not affect testicular steroidogenesis, suggesting that Leydig cells adapt to heat stress and retain their steroid synthesis ability. However, the mechanisms of the stress response in steroid-producing cells are unclear. We examined the relationship between the heat stress response and heat shock factor 1 (HSF1), which protects cells from proteotoxic stress by inducing heat shock protein as a molecular chaperone. The influences of HSF1 deficiency on cholesterol transport by StAR and the expression of steroidogenic enzymes under chronic heat stress were studied in testes of HSF1-knockout (HSF1KO) mice with experimental cryptorchidism. StAR protein in wild-type-cryptorchid mice was transiently decreased after induction of cryptorchidism and then gradually returned to basal levels. In contrast, StAR protein in HSF1KO mice continued to decrease and failed to recover, resulting in impaired serum testosterone. StAR messenger RNA was not decreased with cryptorchidism, indicating that posttranslational modification of StAR, not its transcription, was obstructed in cryptorchidism. Other steroidogenic enzymes, including CYP11A1, 3β-HSD, and CYP17A1, were not decreased. Lipid droplets were increased in the cytosol of HSF1KO-cryptorchid mice, suggesting dysfunctional cholesterol transportation. These findings provide insight into the role of HSF1 in Leydig cell steroidogenesis, suggesting that it maintains cholesterol transport by recovering StAR under chronic heat stress.